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MeTop onopHbix BekTopos SVM MpuHuMn onTuManeHoOW pasfensiolleii rMNepnaocKocT
[BolicTBeHHas 3apgaqa
MoHsiTne onopHoro BekTopa

3apaya obyyeHus nuHeiiHoro knaccudcukaTopa

OaHo:

O6yuatowas Bbibopka X! = (x,-,y,-)le,

X; — obbekTbl, BekTOpbl U3 MHoxectea X = R”,

Yi — METKM KIacCoB, dnemMeHTbl MHOxXecTBa Y = {—1,+1}.

Haiitn:
MapameTpbl w € R”, wy € R nuneiinoii mogenn knaccucbukaumnm
a(x; w, wo) = sign((x, w) — wp).

Kputepuit — MUHUMU3aLMs SMNNPUYECKOTO PUCKa:
)4 4

Z[a(x,-; w,wo) # yi| = Z[M,’(W, wo) < 0] — min.

w,wo
i=1 i=1 ’

rae Mi(w,wo) = ((xj, w) — wp)y; — orctyn (margin) obwekTa X;,
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MeTop onopHbix BekTopos SVM MpuHuMn onTuManeHoOW pasfensiolleii rMNepnaocKocT
[BolicTBeHHas 3apgaqa
MoHsiTne onopHoro BekTopa

AnnpOKcmmau,vm n perynapmsayna amMmnmpun4eckoro pucka

DMMINPUYECKNA PUCK — 3TO KYCOYHO-MOCTOSIHHASE PYHKLNSA.
3ameHnM ero OueHKOlW CBepxy, HEMpepbIBHOW MO napaMeTpam:

J4
Q(w,wpy) = Z [I\/I,-(W, wp) < 0] <

N

1 :
(1= Mi(w, WO))++EHWH2 — min.

@ Annpokcumaunsi wtpadyeT 0bbEKTI
3a NpubnuXKeHne K rpaHmMLLE KNacCos, 2] (1 - M),
YBEINYMBAs 3a30p MeXAy Kaaccamu 11

@ Perynapuszayms wrpadyer HeycTol4MBbIe 0]
peLleHuns B cay4yae MynbTUKONJINHEAPHOCTN
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MeTop onopHbix BekTopos SVM MpuHuMn onTuManeHoOW pasfensiolleii rMNepnaocKocT
[BolicTBeHHas 3apgaqa
MoHsiTne onopHoro BekTopa

OnTtumansHas pa3aendioulas runepnjoCkoCTb

Jnneiinbii knaccudpmkatop: a(x, w) = sign((w,x> — Wo)
MycTb BeIGOpKa X! = (x,,y,) _1 NnHeiiHO paspenuma:
dw,wy 0 Mi(w,wp) = y,-((W,x,-> — Wo) >0, i=1,...,¢

Hopmuposka: rrl1in ZM,'(W, wp) =1
1=1,..

Pasgenstowas nonoca (paspensolast runepniockoCTb NOCepeamHe):
{x: =1<(w,x) —wo < 1}
Ixy 0 (w,xp) —wp = +1
Ixe o (w,xo) —wo = -1

LLlnpuHa nonocei:
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MeTop onopHbix BekTopos SVM MpuHuMn onTuManeHoOW pasfensiolleii rMNepnaocKocT
[BolicTBeHHas 3apgaqa
MoHsiTne onopHoro BekTopa

O6ocHoBaHMe KYCOYHO-NMHeiHol PyHKUMN noTepb

Nuneiivo pasgenumasn sbibopka
1 .
slwl> — min;
yWO
Mi(w,wo) > 1, i=1,...,L

Mepexoa Kk nuHeiiHo Hepaap,enmmoﬁ Bbibopke (3BpUCTUKA)

—HWH2+ CZE, — min ;

i=1 Wowo,&
&z21—Mi(w,wp), i=1,...,¢
=20, i=1,....¢
DKBMBaNEHTHasl 3a4aqa 6e3ycnosHoﬁ MUHUMUW3ALNAN:
¢

CY (11— Mi(w, WO))++%\|W||2 — min.

3 w,wWo
i=1
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MNpuHuMn onTuMmanbHoO pasfensiolleii runepnaockocTn

[BolicTBeHHasn 3apa4a
MoHsiTne onopHoro BekTopa

MeTop onopHbix BekTopos SVM

HanomuHaHue. Ycnosusa Kapywa—KyHa—Takkepa

3ajaya MaTeMaTU4ECKOro NporpaMMMPOBaHUS:
f(x) — min;
X
gi(x) <0, i=1....,m;
hi(x) =0, j=1,... k

H606XOAVIMbIe ycnosus. Ecnn x — Touyka nokansHoro MWHUMYMa,

TO CYLIeCTBYIOT MHOXUTENM L, | =1,....m, \;, j=1,... k:
0.7 m k
o =0 L) =1flx) + ;Nigi(x) + ;)‘jhj(x)?
1= ]J=

gi(x) < 0; hj(x) =0; (ncxopHble orpaHnyeHus)

wi > 0; (pBOCTBEHHBIE OrpaHMYeHNs )
L 1igi(x) = 0; (ycnosue gononHsioLeli HexXECTKOCTH)

JlnneiiHbie meTopgb: SVM
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MeTop onopHbix BekTopos SVM MpuHunn onTuManeHoW pasfensatolleil rMNepnaockocT
[BolicTBeHHasn 3apa4a
MoHsiTne onopHoro BekTopa

MpumeneHue ycnosuii KKT k 3agaye SVM

®ynkuymsa Jlarpanxa: L (w, wo, &\, 1) =

1 4 l
- 5\|W||2 = N (Mi(w,wo) = 1)=> &N +mi — C),
i=1

i=1

Aj — nepemeHHble, OBONCTBEHHbIE K orpaHndeHusm M; > 1 — &;;
7); — NepemMeHHble, ABONCTBEHHbIE K orpaHuyeHuam & > 0.

0L 0L 0L
ow =% we " g O
£i>0; )\i>0; ni)oa I:].,,E,
Ai=0 ambo Mi(w,wp)=1-¢&, i=1,...,¢

=0 nubo & =0, i=1,...,¢
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MeTop onopHbix BekTopos SVM MpuHunn onTuManeHoW pasfensatolleil rMNepnaockocT

[BolicTBeHHasn 3apa4a
MoHsiTne onopHoro BekTopa

Heobxoaumsblie ycnosus ceanoBoii Touku cpyHkumm JlarpaHxa

®ynkuymsa Jlarpanxa: L (w, wo, &\, 1) =

l V4
= P~ 3 A (M. o) — 1) = & (i i - ©).
i=1

i=1

Heobxogumele ycnosus cegnosoii Toukn dpyHkuun Jlarpatxa:

0.9 : <
a—W:W*Z)\iy,'X,':O — W:Z)\i)/ixi;
i=1 i=1
i i
0.%
a_Woz—Z)\,-y,-:0 — Z)\iyi:();
i=1 i=1
0.%

86:—A,~—7’},~+C:0 - ni+Axi=C, i=1...,¢L

K. B. BopoHuos (voron®forecsys.ru)
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MeTop onopHbix BekTopos SVM MpuHunn onTuManeHoW pasfensatolleil rMNepnaockocT

[BolicTBeHHas 3apgaqa
MoHsiTue onopHoro BekTopa

MoHaTtue OMNMOPHOro BeKTOopa u Tunn3auuna obbekTOB

Cucrema ycnoenii KKT:
(

¢ ¢

w = Z AiYixi; Z Aiyi=0;  Mi(w,wp) >1-¢;
i=1 i=1

=20, \i=0, =0 n+X=¢C

)\,’ =0 nubo /\/I,'(W7 Wo) =1- f,';

ni =0 nubo & =0;

Onpepenenune. O6bekT x; Ha3bIBAETCA onopHbIM, ecnu \; 7 0. J

Tunusauymsa obvekToB X;, i =1,...,¢:

1.X=0; j=C; &§=0; M; >1— nepudbepulinblii.

22.0< A <G 0<ni<C; & =0, M; =1 — onopHblii-rpaHuHblii
3.0M=C;, ni=0; & >0; Mj <1 — onopHblii-Hapywntens
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MeTop onopHbix BekTopos SVM MpuHunn onTuManeHoW pasfensatolleil rMNepnaockocT
[BolicTBeHHas 3apgaqa
MoHsiTue onopHoro BekTopa

[BoiicTBeHHasa 3apaya

N Z)‘ +3 ZZ)‘)\JYI}/] (xi, XJ> — m)ln

I—lj 1
0< )\ <C, i:l,...,E;
4
> Aiyi=0.
i=1

PelueHmne npsamoii 3aga4n BbipaXkaeTcsl 4Yepes pelleHne OBOWCTBEHHOI:

¢
w =Y A\iyiXi;
i=1
wo = (w, X;) —yi, Anas moboro it \; >0, M; =1.

Jnneiinbin knaccndpukaTop ¢ npusnakamm fi(x) = (x, x;):

a(x) = sign< zg: Aiyi(x, xi) — Wo>.

i=1
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MeTop onopHbix BekTopos SVM MpuHunn onTuManeHoW pasfensatolleil rMNepnaockocT
[BolicTBeHHas 3apgaqa
MoHsiTue onopHoro BekTopa

[BoiictBeHHasa 3agaya. HenuHeiiHoe 0606uweHne c agpom K

(

_ Z)\ + = ZZ)\ AjyiyiK (i x5) = min;
I—l_] 1

0< A <C, i:l,...,@;

¢

> Aiyi =0.

\i=1

PelueHmne npsamoii 3aga4n BbipaXkaeTcsl 4Yepes pelleHne OBOWCTBEHHOI:

¢
w =Y A\iyiXi;
i=1
wo = (w, X;) —yi, Anas moboro it \; >0, M; =1.

Jnneiinbin knaccndpukaTop ¢ npusnakamm fi(x) = K(x, x;):

a(x) = sign ( izi:l AiviK(x, x;) — wo).
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n 1y £ z Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

Henuueiinoe 0606uieHne SVM

Npes: samennts (x, x’) Henunelinoli cpynkuymein K(x,x").

Mepexos K CNpSIMASIIOLLEMY NMPOCTPAHCTBY,
Kak npasuso, bonee Boicokoii pasmepHocTu: ¥: X — H.

Onpepenexune

®ynkymna K: X x X = R — agpo, ecnn K(x, x") = ((x), (X))
npu HekoTopoM 10: X — H, roe H — runsbepToBO NpoCTpaHCTBO.

®ynkymnsa K(x,x') saenserca agpom Toraa 1 TONbKO TOrAa, KOraa
ona cummetpuyna: K(x, x') = K(x/, x);
n HeOTpmu,aTeano onpepeneHa:
Jx [x K(x,x")g(x)g(x")dxdx" = 0 ans nwboii g: X — R.
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Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

KOHCprKTI/IBHbIe MeTo/[bl CUHTE3a Aaaep

Q K(x,x') = (x,x") — sappo;
@ «oncranTa K(x,x') = 1 — aapo;
© npoussegenue agep K(x,x') = Ki(x,x )Ka(x, x") — agpo;
Q V¢ : X — R npoussegerne K(x,x') = (x)(x’) — sapo;
O K(x,x') = a1 Ki(x,x') + aaKa(x, x") npn ag,ap > 0 — agpo;
O Vp: X=X ecn Ky sapo, o K(x,x") = Ko(p(x), p(x')) — sapo;
Q ecm s: X x X = R — cummeTpuyHas uHTerpupyemas
cbyHkums, To K(x,x') = fX s(x,z)s(x’, z) dz — agpo;
Q ecnu Ky — agpo n cdyHkuyns f: R — R npegctasuma B Buge

CXOAALLErocs CTENEHHOro pAfa C HEOTPULATENbHbLIMM
koacpchuumentamu, To K(x,x') = f(Ko(x,x')) — aapo;
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Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

Flpmmep: cnpamMidiouiee nNpoCcTpaHCTBO A1 KBAApPATUYHOro aapa

Mycts X = R2, K(u,v) = (u,v)?, roe u= (u1,un), v=(v1,wn).

3apaua: Haiitn npoctpaHcTso H n npeobpasosatue : X — H,
npu kotopbix K(x,x") = ((x), (X)) H

Paznoxum kBagpaT CKansipHOro npovsBefeHusi:

K(u,v) = (u,v)? = ((u1, 1), (v1, v2))? =
= (w1 + U2V2) = ulv1 + u2v2 + 2 Vil =
= ((u}, 13, V2u11p), (V}, V3, V2v12)).
Takum obpasom,
H=R3 : (u1, ) (u%, U2,\/§U1U2)

Jlnneiinoii nosepxHocTn B npocTpaHcTBe H cooTseTcTByeT
KBagpaTu4Hasi NOBEPXHOCTb B UCXOAHOM npocTpaHcTee X.
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Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

Mpumepsbl apep

© «sagpatuunoe sapo, dimH = Zn(n+1)
K(x,x') = (x,x')?

© nonnHommanbHoe ¢ MoHomamm crenedun d, dimH = C,‘erfl
K(x,x') = {x,x')¢

© nonnHoMmuansbHoe ¢ MoHOMamu ctenenn < d
K(x,x') = ({(x,x) + 1)d

Q HeiipoceTb € curmongHbIMN PyHKUMSAMU aKTUBALMAN
K(x,x") = th(ki(x,x") — ko), ko, k1 >0

© cetb pagmansHbix 6asucHbix dyrkunii (RBF agpo)
K(x,x") = exp(—7]x — x'||?)

K. B. BopoHuos (voron®forecsys.ru) JlnHeiinbie meToas: SVM



Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

Knaccudukayusa c pasnuyHbimu agpamu

[(MNepnaockocTb B CAPAMASAIOLLEM MPOCTPAHCTBE COOTBETCTBYET
HENMHENHON pa3gensitolleli NOBEpXHOCTN B UCXOLHOM.

Mpumepsl ¢ paznuynbimu sgpammn K(x, x")

nuxelinoe NOJIMHOMMNANbHOE rayccosckoe (RBF)
(x, x') (ox)+1)7, d=3  exp(—rlx —x|P)

Mpumep n3 Python SkLearn: http://scikit-learn.org/dev
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Slppa n cnpsamnsiowme npocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

BauaHue koHcTtaHTbl C Ha peweHune SVM

SVM — annpokcuMauums u perynsipusaums SMnupu4eckoro pucka:

4
1
1— M;(w, w + —|lwl|[> — min.
S (1= Mi(w,m), +5ellwl? = min
i=1
bonbwoni C mansiii C
cnabas perynspusauuns CnNbHAsA perynapusayms

Mpumep n3 Python SkLearn: http://scikit-learn.org/dev
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Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM: aByxcnoiiHas HelipoceTb U MeTpu4yeckuii knaccudukaTop

Mepenymepyem 0bbeKTbI Tak, 4TObBbI X, . . ., X; ObLIN ONOPHBLIMY.
h
a(x) = sign <Z AiyiK(x, x;) — Wo>.
i=1
— X!
\Xﬁ Ayt

E Z sign a(x)

AhYh

lNepBbili Cnoli BMECTO CKansipHbIX NPOU3BEAEHUI BbIHUCASET 4Pa

Beca nepsoro cnoss — 310 camu onopHble 06bEKTHI
MeTpuueckuii knaccudpukatop, ecnm K — dyHkuusa 6ansoctu

wo
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Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

MpeumyuwiectBa u HegocTtaTku SVM

Mpenmyuwiectea SVM nepeg aBYXCAOWHBIMU HEPOHHBIMU CETAMU:

@ 3aja4a BbINYKJIOrO KBaZAPaTW4HOrO NMPOrpaMMupOBaHMs
MMEET efUNHCTBEHHOE peLleHune

@ 4uycno HGMPOHOB CKPbITOro Cnos onpeaenAaeTcs
dBTOMATUHYECKN — 3TO YUCNO ONOPHbIX BEKTOPOB

HepoctaTku knaccuueckoro SVM:
@ HeT obwux nogxonos K onTumusauun K(x, x') nog 3agavy
@ Ha bonbwmnx paHubix SVM obyuaetcs megnenHee SG
@ HET «BCTpOEeHHOro» oTbopa nNpusHakoB
°

npuxoauTca noabupaTs KoHcTaHTy C

K. B. BopoHuos (voron®forecsys.ru) JlnHeiinbie meToas: SVM



Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus

Mopenb perpeccun: a(x) = (x,w) —wy, w € R", wg € R.

®yHkuyms notepb: £ () = (|| — 6)+ B cpaBHeHnn ¢ £ () = 2

3

3 2 - 0 1 2 3
MocTaHoBka 3agayu:

¢
1 2
E ({w,x;) — wo — yil = 6)  + —||WH — min .
w,wo
=1
3agava pewaertcs NyTéM 3ameHbl NepeMeHHbIX
n CBep,eHVISI K 3ap,al-le KBaApaTVl'-IHOrO nporpaMMVIpOBaHVIﬂ
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Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus

3ameHa nepemMeHHbIX:

& = ((w.xi) —wo —yi = 8)
§ = (={w,x) +wo+yi—6),;

MocTaHoeka 3agay4u SVM-perpeccuu:

Wl e vE) > min

—1 W7W07£+7£_
y,-—(5—§7<(W,X,->—W0<y,-+(5+§i+, i=1,....,¢
& >0, & >0, i=1,...,L

¢
i=

BbIMYKasi 33fja4a KBaAPaTUYHOrO MPOrpaMMMpPOBaHMS
peLleHne eANHCTBEHHO

PELLEHINE BbIPAXKAETCS YEPE3 OMOPHbIE BEKTOPbI
BO3MOXHa 3ameHa (x, x;) sapom K(x, x;)

K. B. BopoHuos (voron®forecsys.ru) JlnHeiinbie meToas: SVM



Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus. Mpumep 1

SVM-perpeccns ¢ noNNHOMUANBHBIM SIAPOM CTeneHu 2:

io degree=2,C=100,6=0.1 degree=2,C=0.01,6=0.1

~1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5

0 0.5 1.0

@ BblgeneHbl onopHble BEKTOPSI

@ Pesynbrat cnabo 3aBucut ot koHcTaHTbl C

http://scikit-learn.org/0.5/auto_examples/svm/plot_svm_regression.html
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Slapa u cnpsamnsowMe NpocTpaHcTBa
O6obuweHns nunelinoro SVM SVM kak pByxcrnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus. MNpumep 2

CpasHenune SVM-perpeccun ¢ rayccosckum (RBF) sgpowm,
JINHEHO 1 MONMHOMMANBHOI perpeccunei:

Support Vector Regression

— RBF model

— Linear model
. — Polynomial model |]
ese data

target
=3

data

@ VYaauHblii BbIGOp sgpa nmeet 3HadeHue!

http://scikit-learn.org/0.5/auto_examples/svm/plot_svm_regression.html
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Perynsapusatopsl gna orbopa npusHakos
Metoael SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

1-norm SVM (LASSO SVM)

Annpokcumauma sMnMpuyeckoro pucka ¢ Li-perynsapusauueii:

14

Z(l—l\/l(w wo)) —i—MZ]WJ] — mln

@ OTbop npusHaKoB C NapaMeTPOM CENEKTUBHOCTU [i:
yem 6onblUe [, TEM MEHbLIE NPU3HAKOB OCTaHETCA

© Mo mepe yBennyeHns (1 3Ha4NMbIE€ NPU3HAKMA MOTYT
oTbpachiBaThCA, KOMAA ELE HE BCE LUYMOBblE OTOPOLLEHbI

© Het apepexta rpynnuposku (grouping effect):
3HA4YNMbIE 3aBUCUMbIE MPU3HAKN AOKHbI OTbupaThca BmecTe
W UMETb MPUMEPHO paBHble BeCa W;

Bradley P., Mangasarian O. Feature selection via concave minimization and support
vector machines // ICML 1998.
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1-norm SVM (LASSO SVM)

Annpokcumauma sMnMpuyeckoro pucka ¢ Li-perynsapusauueii:
¢

Z(l — Mi(w, Wo))Jr +,LLZ lwj| — min.
=1

w,wp
i=1
Mouemy Li-perynapusatop npueoauT K oTbopy npusHakos?

3amena nepemennbix: uj = 5 (|w;| + w;), v; = 3(|wj| — wj).
Torpa w; = uj — vj w [wj| = uj + vj;

4 n
Z(l — Mi(u— v, Wo))Jr +,uZ(uJ- +vj) = nlli‘p
i=1 j=1

uy=20, vi=20, j=1,...,n

yem bonbuie 11, Tem bonblue NHAEKCOB j Takux, 4To uj = vj = 0,
Ho Torfa wj = 0, 3Ha4MT, NpuU3HaK He yHNThIBAETCA.
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CpaBHeHue Ly u L; perynapusauum

Perynspusauyus

Perynsapusatopbl ans otbopa npusHakos

Metoael SFM n RFM
MeTtop penesaHTHbIX BekTopos RVM

3aBMCUMOCTb BECOB W, OT KoabuLMeHTa m

L, perynsipuzaTop: [ ZJ- WJ-2

lcavol

o
&l
0045

Ibph

gleason

age

lep

T T T T
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1

L, perynspusaTop: HZJ- |wj|

06

Icavol

svi
walgh|
o

bph

gleason|

3apaua n3 UCI: prostate cancer (guarHocrtnka paka)

T.Hastie, R.Tibshirani, J.Friedman. The Elements of Statistical Learning. 2001.
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Perynsapusatopsl gna orbopa npusHakos
Metoael SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

Doubly Regularized SVM (Elastic Net SVM)

¢ n n
1 .
CZ(l— Mi(w, Wo))++,LLZ|Wj| +§ij2 — min.
j=1 j=1

N w,wo
i=1

@ OTbop Npu3HaKOB C NapaMETPOM CENEKTUBHOCTU [i:
yem bonbLue 1, TEM MeHbLUE MPU3HAKOB OCTAHETCS

@ Ectb adbdekT rpynnupoeku

© Llymosble npusHaku Takxe rpynnupyroTcst BMECTE;
MO Mepe YBeNUYEHUs [ FPYNMbl 3HAYUMbIX NPU3HAKOB MOryT
oTbpacbiBaTbCs, KOrga €LLé He BCe yMoBble OTOpoLLEHSI

Li Wang, Ji Zhu, Hui Zou. The doubly regularized support vector machine. 2006
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Metoael SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

Doubly Regularized SVM (Elastic Net SVM)

Elastic Net meHee xécTko oTObupaeT npusHaku.
1.
3aBucumocTyn BeCoB W oT kosdbuumenTa log E

251

20

151

101

-5t

— Lasso “‘—‘&;;
~107 __ Elastic-Net q

0 20 40 60 80

scikit-learn.org/0.5/auto_examples/glm/plot_lasso_coordinate_descent_path.html
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Perynsapusatopsl gna orbopa npusHakos
Metoasl SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

Support Features Machine (SFM)

¢ n .

CZ(I — Mi(w, Wo))Jr +ZRM(VVJ‘) — VT.I/QJ -

i=1 j=1 .

2 ; | < "

Ru(wj) = 'Z|WJ|’2 il < p ‘
/1/4_‘/‘/.!7 ‘VVJ‘ZILL 5 4 2 0 2 4 6

@ OTbop Npu3HaAKOB C NApaMETPOM CENEKTUBHOCTU [i
@ Ectb adbdekT rpynnupoeku

@ 3nauumble 3aBucumble npusHakn (|w;| > p) rpynnupytorcs
n BX0AsAT B pelenme cosmecTtHo (kak B Elastic Net),

@ Lllymoseie npusHaku (|wj| < p) He rpynnupytotcs un
nofaBnsitoTCst HesaBucumo apyr ot apyra (kak 8 LASSO)

Tatarchuk A., Urlov E., Mottl V., Windridge D. A support kernel machine for
supervised selective combining of diverse pattern-recognition modalities. 2010.
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Perynsapusatopsl gna orbopa npusHakos
Metoasl SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

Relevance Features Machine (RFM)

4 n
CZ(].—M,‘(W, WO))+—|—ZIn(WJ-2+%) — min
j=1

) w,wo
i=1

A b d Ao o s

R(w) = In(w? + %) npn = 0.1, 1, 100

@ OTbop npu3HakoB C NapaMeTPOM CENEKTUBHOCTHU [i:
uem bonbLue [, TEM MEeHbLUE MPU3HAKOB OCTAHETCS

@ Ectb adbdekT rpynnuposku

@ Jlyuwe oTbupaet Habop 3HAYMMBIX NMPU3HAKOB, KOrAa
OHN TONLKO COBMECTHO 0DECcneqnBaroT XOpOLUEe peLleHne

Tatarchuk A., Mottl V., Eliseyev A., Windridge D. Selectivity supervision in combining
pattern recognition modalities by feature- and kernel-selective Support Vector
Machines. 2008.
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MeTtop peneBaHTHbIx BekTopoB RVM (Relevance Vector Machine)

Monoxum, kak u 8 SVM, npu HekoTopbix A; > 0

¢
w = E AiYiXi,
i=1
NpUYEmM OMOPHBLIM BEKTOPaM X; COOTBETCTBYOT A; # 0.

Mpobnema: Kakne ns koacpdnunentos A; nydwe obHyants?

Npesa: nycTb perynsipusaTtop 3aBUCUT HE OT W, a OT A;.
MycTb \; HE3aBUCMMBIE, rayCCOBCKUE, C ANCMEPCUAMMN (v

1 Y.
A) = _ i :
PN = G P\
: 1< A2
>0 MW (). w)), + 5 ;Qna, +22) = min
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Perynsapusatopsl gna orbopa npusHakos
Metoael SFM n RFM
Perynspusauyus MeTtop penesaHTHbIX BekTopos RVM

MpeumyuwiecTBa n Hegoctatku RVM

Mpenmyuwiectsa:

@ OnopHbIX BEKTOPOB, Kak MPaBUJIO, MeHbLUe
(bonee «paspexxeHHOE» peLueHune).

@ Llymosble BbIOpPOCHI y>Ke He BXOAST B YNC/IO OMOPHbIX.

@ He Hapo nckaTb napameTp perynsipusauumn
(BMECTO 3TOro «rj ONTUMU3MPYIOTCS B Npouecce obyyeHuns).

@ AnanoruyHo SVM, MoXHO mcnonb3osaTh sigpa.
HepocTatku:

© He Bceraa ecTb NpenMyLWeCTBO NO KayecTBY Kiaccudukayuu.

M. E. Tipping. The relevance vector machine. 2000.

C. M. Bishop, M. E. Tipping. Variational relevance vector machine. 2000
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Pe3tome no nuHelriHbiM knaccudmkaTopam

o SVM — ny4qwnii metoa nuHeiHoii knaccudukaunm

o C nomowsto sgep (kernel trick) SVM uzsiwyHo obobyaercs
ONS1 HENIMHENHO Knaccudpmkaumm n HeAWHERHON perpeccun

o Annpokcumaymsi noporosoii ¢pyHkuyum noteps £ (M)
YBEINYMBAET 3330p U MOBLILLAET HAAEKHOCTL Khaaccudmkaumum

@ Perynapusayus yBenn4nBaeT 3a30p, yCTpaHsaeT
MYJIbTUKOJIJIMHEAPHOCTb 1 YMeHbLUaeT nepeobyyerne

© Hernagkoctb ¢byHkumu noteps npueoanT K oTbopy obbekToB

@ Hernagkocts perynspuzaTopa npusoguT K 0TOOPY Npru3HaKOB

B. H. Bannuk, A. 5. JlepHep. Y3HaBaHne o6pa3os npu noMoLyn 0606LeHHbIX
noptpetoB. 1963.

C. Cortes, V. Vapnik. Support vector networks. 1995.



	Метод опорных векторов SVM
	Принцип оптимальной разделяющей гиперплоскости
	Двойственная задача
	Понятие опорного вектора

	Обобщения линейного SVM
	Ядра и спрямляющие пространства
	SVM как двухслойная нейронная сеть
	SVM-регрессия

	Регуляризация
	Регуляризаторы для отбора признаков
	Методы SFM и RFM
	Метод релевантных векторов RVM


